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Abstract 
 
NMR/MRI magnets have a protection device to prevent the damages due to a quench. On the other hand, the protection device 
design of HTS coils or magnets are very difficult because it has a very low normal zone propagation velocity (NZPV) and 
complicate behaviors of quench. We have studied the methods to improve the self-protection ability of HTS coils by removing the 
turn-to-turn insulation and inserting the metal tape instead of insulation. In this paper, the improved transient stabilities and self-
protection abilities of HTS coils by removing the insulation and inserting metal tapes will be presented by minimum quench energy 
(MQE). 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
As a solution for recent environmental and energy problems, superconducting rotating machines (motors and 
generators) have been expected to play a role in various power applications. Because the high temperature 
superconducting (HTS) rotating machines have a high power density without an iron core which used in conventional 
rotating machines[1-4]. A few MW-class HTS motors for a ship and wing power generation have been designed and 
fabricated and the HTS coil wound with 2G wires were used as the field coils. In these applications, it cannot be a 
serious problem even though the generating magnetic fields of HTS motors were decreased by the bypassed current 
through the turn-to-turn winding. So, we have been developing the novel self-protection method which inserts metal 
tapes (Cu, Ni, SUS and/or Brass) between turn-to-turn winding in the HTS coil instead of an electrical insulation and 
no insulation winding method. The thermal and electrical contacts between the windings are enhanced by removing 
the insulation and inserting metal tapes, and the thermal stability of HTS coils could be increased. It is possible to 
bypassing into the inserted tapes when a quench occurs in HTS coils. 
In this paper, in order to clarify the transient stabilities of the proposed HTS coils against thermal disturbance, MQE 
and the behaviours during the quench of the whole insulated HTS coil, non-insulated HTS coil and Brass tape inserted 
HTS coil were measured in the external magnetic fields.  
 
2. Experimental setup 
 
We conducted the experiments about MQE of test coils wound with GdBCO tapes. The specifications of GdBCO 
tape, Brass tape, kapton tape, heater, and tested coils used in this study are listed in Table 1. Fig. 1 shows the 
schematic drawings of the prepared 3 test coils wound with 5 turns; (a) with the insulation, (b) without the insulation 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibilty of ISS Program Committee. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
250   S.B. Kim et al. /  Physics Procedia  45 ( 2013 )  249 – 252 
between turn-to-turn, and (c) wound with the Brass tape instead of the insulation. In order to understand the quench
properties of the test coils, 22 voltage taps (V1-V20 and end-to-end taps) were installed in the coils. The intervals of 
the voltage taps (V1-V20) and the end-to-end taps were 3 cm and 105.5 cm, respectively. The strain gauge as a heater 
was installed at the inner side of the third layer conductor. To detect the self magnetic field of the coils, a Hall sensor 
was installed at the center position of the coils. The test coils were epoxy impregnated and the external magnetic fields
(0-1 T) were used as a parameter at liquid nitrogen. 
Fig. 1. The schematic drawings of the prepared 3 test HTS coils wound with GdBCO conductor and 5 turns; (a) with
the insulation, (b) without the insulation between turn-to-turn, and wound with the Brass tape instead of the insulation.
Table 1 The specifications of GdBCO tape, Brass tape, kapton tape, heater, and tested coils
GdBCO Conductor width 4.1 mm
conductors Conductor thickness 0.26 mm
Conductor length 111.1 cm
Brass stabilizer thickness 80 μm
Cu stabilizer thickness 40 μm
Ag overlayer thickness 1 μm
GdBCO layer thickness 1.2 μm
Buffer layer thickness 0.265 μm
Substrate thickness 140 μm
Brass tape Length 0.91m
Width 4.0mm
Thickness
Kapton tape Length 91.8 cm
Width 4.1 mm
Thickness 50 μm
Heater Thickness 50 μm
(Strain gage) Length 11 mm
Width 5 mm
Resistance 1000 
Tested coil Type Pancake
Material of bobbin Bakelite
Inner diameter 60 mm
Number of turn 5
Component Parameters Specification
3. Results and discussion
3.1. Transient behaviors during the normal transition by thermal disturbance
Fig. 2 shows the measured end-to-end voltage traces during the normal transition for the 3 test coils (the whole 
insulated, no insulated and Brass tape inserted coils) when the almost same MQE was inputted (Fig. 2 (a)), and the 
same external magnetic field of 0.6 T was applied (Fig. 2 (b)). Where the 0 s means the time when the thermal
disturbance was applied by a strain gauge heater with 1 s pulse duration. The critical currents of GdBCO sample 
conductor were 77.5 A and 69.4 A at 0.5 T and 0.6 T in L.N2, respectively. The load factor (Iop/ Ic) of each test coil are
(a)
(b) (c)
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64% (the whole insulated), 142% (no insulated) and 129% (Brass inserted). It means that the transient stabilities of the 
no insulated and Brass inserted HTS coils are larger than the whole insulated HTS coil. It is possible to predict the
thermal stability of each coil from the shapes of voltage traces, and the control abilities for the thermal stability of 
HTS coil are no-insulated coil > Brass inserted > whole insulated coil. There were no electrical insulations in Brass
inserted and no insulated coils, so the current bypass in the transverse direction might be occurred. The calculated
number of transported turns by Biot-Savart s law using measured self magnetic field were 3.91 (Brass inserted) and
0.85 (no insulated). So, we can understand the large MQE and low temperature raising of no insulated coil came from
the suppressed Joule s heating due to a shorter current pass by bypassing the current into the transverse direction as
shown in Fig. 3[5]. Fig. 3 shows the generated end-to-end and local voltage traces, and generated magnetic field of no
insulated test HTS coil during the normal transition when the MQE (3.4 J)of the coil was applied at Iop= 50A and 0.6 T.
The self magnetic field of the coil rapidly decreased according to the normal transition and current bypassing into
transverse direction as shown in Fig. 3 (a). The opposite voltage was generated at V18 V19 as shown in Fig. 3 (b). Fig.
3 (c) shows the schematic illustrations of the current bypassing in the no insulated test HTS coil.
(a) (b)
Fig. 2. The measured; (a) end-to-end voltage traces during the normal transition for the 3 test coils (the whole
insulated, no insulated and Brass tape inserted coils) when the almost same MQE was inputted, and (b) the same
external magnetic field of 0.6 T was applied at L.N2.
(a)                                                                       (b)
(c)
Fig. 3. The measured; (a) end-to-end and local voltage traces, (b) generated magnetic field of no insulated test HTS
coil during the normal transition when the MQE (3.4 J) of the coil was applied at Iop= 50A and 0.6 T, and (c) the
schematic illustrations of the current bypassing in the no insulated test HTS coil.
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3.2.  MQE properties 
 
Fig. 4 shows the measured MQE of the 3 test HTS coils as functions of the external magnetic field and operating 
current at L.N2. The magnitude of MQE of the 3 test coils were no insulated coil > Brass inserted coil > whole 
insulated coil. In the case of the Brass inserted coil, the heat capacity of the coil was greater than that of the no 
insulated coil, however the resistance along the transverse direction (turn-to-turn) were increased. Therefore, the 
current bypass into the transverse direction was a little hard to compare with the no insulated coil[6]. However, we 
need to consider about a very large heat generation due to large bypassing current flows into a short electrical passes, 
the validity of metal inserted HTS coil should be studied. Furthermore, MQE both of Brass inserted and no insulated 
HTS coils was not different in high magnetic field above 0.7 T. 
 
 
Fig. 4. The measured MQE of the 3 test HTS coils as functions of the 
external magnetic field and operating current at L.N2. 
 
4. Conclusion 
 
In order to clarify the transient stabilities of the HTS coils wound with GdBCO conductor against the thermal 
disturbance, MQE of the whole insulated HTS coil, no insulated HTS coil and Brass tape inserted HTS coil were 
measured as functions of the external magnetic field and operating current at L.N2. The measured MQE of Brass 
inserted and no insulated HTS coils were very large compared to the whole insulated HTS coil. These results were 
caused by the current bypassing into the transverse direction (turn-to-turn) in the both of Brass inserted and no 
insulated HTS coils. The obtained MQE both of Brass inserted and no insulated coils was not different in high 
magnetic field. So, it is necessary to study about the material and thickness of the inserting metal to develop the no 
insulated HTS coils with high performance.  
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